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lands has gone on a t  the present rate. The phenomenon 
has been approximately the same for 6,000 years, but 
during the Bronze Age and just after, it was possibly 
slower. The nore ancient phenomena are difficult to 
discuss, as a damming up of the Baltic outlet would 
roduce resu1t.s similar to i.ctua.1 la.nd elevation.- M7. A .  

$(ieh.ara.son). 

T H E  WAVE-RAISING POWER OF NORTHWEST AND SOUTH 
WINDS COMPARED.' 

I recall that, sailors on the Great Lakes have claimed 
that a wind of a given ve1ocit.y in wint.er caused a higher 

-. -. .~ 
1 Cf. Fehraary, 192n. Issue MONTHLY WEATHER REVIEW, pp. 100-101. 

sea than a wind of the same ve1ocit.y in summer. They 
attributed this to the fact that in summer the relatively 
cold water of the Lakes reduced the temperature of the 
surface air layers, producing a. temperature inversion. 
As a result, a wind movement in the upper air layers, 
which mi ht  be strong at  the height of the masthead, 

on the contrary., the air is generally colder t,han the water 
of the Lakes, the air movement is felt down to the surface 
and causes high seas. 

Perhaps a similar esplanation may apply to the differ- 
ence in wave-raising power of northwest and south winds, 
since in the northern hemisphere the former are apt to be 
the colder.-I$. H. ICimbnll. 

would be 5 ight at  the surface of the water. In  winter, 

DISCREPANCIES BETWEEN ANGSTROM A N D  SMITHSONIAN INSTRUMENTS. 

By C. C;. ABBOT, Director, Astrophysical Observatory. 
[Smitbnlan hti tut ion,  Washington, May 3, I9aO.J 

In  the issue of t-he MONTIII.T WEATHER REVIEW for 
November, 1919, Dr. A. I<. Aiigstroni has three pnpeis 
of great interest. I!I om paper he gives c,oiiiparisoiis 
which must he highly gratifying t>o d l  t,liose who are 
interested in the const.aiicy of bhe scale of rncliatioii 
measurements. He shows t>lmt in the seven pars ,  1913 
to 1919, there had occurred 90 npprwia1,le chniigc in 
the Aiigst,rom niid Smitlisouiaii scales relat.irely t,o each 
other. During this iiitervnl Sniit1imiia.i ol)srrrrrs linve 
made several unpiihlishecl cixnparisons ag:linst thc 
Standnrcl water-flow pyrlioliomet,or No. 3, which nlso 
supported tlie constmcy of bht? Smit.liso:~in:i scale with 
very satisfactory accuracy of esperinieiitatic>ii. Thus we 
may be sure, it seeins t,o me, t,lint, 110 chn~igc* in t,lw scdes 
011 which pyrlieliometsic a id  spi~rt.roholoniBtric mrasure- 
meiits have heen made for nia;iy yrim hiis occurred SO 
lar e as 1 per cent,. 

Br. Angstriim f i ~ d s  t.hc Smith:mlinn scale t.0 be 3.3 
Of this discropancy, 

Re admits that 1.S jnr cc!lt is due to  the two small 
sources of error whic 1 I he discusstd in 3% former pu1)lic.n- 
tion. The other 1.5 per cetit lic is iwli;ircl to throw upo:~ 
the Smit,hsonian scale. 

In regnrd to this latt,er sug,qt?stinn. I ani 0 . 1 1 ~  able to 
say txs was said in Volunic I11 of tho Anniils: "Tho svst,eni 
which wc call ' Siiiitliso!iiau R.wiscx1 Pyrheliomehy of 
1013' rests 011 72 cxq>nrisw-s  0;;  S O  diflerc:.it, days of 
3 diff eren t, yews wit.11 3 s twid i~r1.d pyrli~~liomcters of diflcr- 
ciit dimeiieio!!s awl I! widely di5erc.i t prinriplt?! of moas- 
urement, all capahlo of recowriig a.id ineasuriiig wit,hiii 
1 per cent test qua!;tities of heat., a-111 ail closely approxi- 
mating to the ' n!)solutely h1n.ck hotly.' Tlie 73 compnri- 
soiis, 40 at washii:gto:i, 32 at &fount Wilson. ~ c r e  11i:i.de 
in 6 grou s. The iiiasiniuni diT;ergeiicC of the mmn 
results of t lese groups is 1 )t?r cc:i t. H w c c  it, is hc~liemd 
that the mean result of a1 the compt%riso:.s inatle under 
such diverse circuinst~anc.es nius t, be withiti 0.5 p r  ceti t, 
of the t.rntli. It is 
believed that this s tadnrd sodc is rtyrodncihle hy the 
secondary p.yrlieliometers \{-; t.h the adopted co~is ta!i t.s 
given to within 0.5 er cent." 

In Volume 111 o P the Ah i i~~ds  tho cletc?rminutmion of the. 
constants of the Sta?idard ~yrhcliometiw N o s .  2 ,  3, x!~d 4, 
and the comparisoiis whic \ i have Ixwi made with them, 
are given with great det.ai1 from p:tgi?s 55 to 72, so that 
readers will be able to see for thamsrlws at, crcry step 
how far tlie claim just cliiotncl is jiistified. 

It appears to me that before WB can be warrnut.ec1 in 
admittmg Dr. Ai:gstriim's suggest.iou t.hat the Smit,li- 
sonian scale is 1.5 per cent! in error because it eshihit,s 

er cent above the Al?gstriim side. 

t 7 
The prolmhlt? error is 0.1 per ceiit. 

that, degree of divergence from the corrected Angstrom 
scale, we ought to have equally full details of measure- 
nients and comparisons oii which the Anas a triim scale 
aiid comparison between it and the Smithsonian scale 
rest. 

Especially I woulcl call attention to these points: 
1. Sitice 'the electrical rcsist,xrice of the Angstrom 

strips in t.he staiidnrd instruments is moasuretl by a 
potell t,iomr.tar dovice between points of known distance 
iqmrt it would be possible, by making the Whcatstone's 
bridge niemurrmau t of the actual resistance between the 
ti?rmiiials of the Angstrriini strips, to determine the actual 
distance through which the heating of the strip occurred 
rather t,liau to make an estimation with regard to that 
tlist,a:ico, as wns clone by Dr. Angstrom in his esperimeuts 
which led him to the corrcc.tioii of 1.3 er cent.' This 

theory of t,he subject show that if the difference in length 
1)rtwct.n tlie sun-heated nntl elcctricnlly-heated portions 
of t.he strip should be abore his estimate of it tlie magni- 
tude of t,he correction would very ra idly grow. 

to 0.5 x r  cent dema!ids that the width should be known 
to wit I iiii 0.01 nim. 'In vicw of thc presence. of the 
pnrt.icles of platinum black aiid of soot requlred for 
I-)lac:keniiig the strips, is it, possible to define the edges of 
t,he strips to within this de ee of accurac ? Dr. l inu t  

st.ates with regard to this point: ' I  Since the coating wlth 
lampblack leaves the edges a trifle rough, an error of 
0.01 nim. in measures of the width evidently can not be 
avoidoil, which in the width of the strips here used may 
make an error of 0.5 per cent in the final value." 

3. Albhough the measurements of Kurlbaum indicate 
that the effect of introducing the heat n t  the front of 
t.he strip when heated bv the sun, as against iutrod~lci~ig 
it, through the hotly of the strip when heated by t8he cur- 
roiit,produc.es hut a small amount of error, is it quite 
certain that the hlackenin Dr. Kurlhaum experunented 

stri )q t,liat this correction is as small or the Angstrom 
pyr k elionic?ter as for the Kurlhaum metal foil'? Dr. 
A!gst,roni's computations lead him to admit 0.5 per cent 
for bhis effect. But the magnitucle of it must depend 
on the intimacy of contact between each individual 
stri and its blac.kening. Is this known to be iiiiiform 
aa8tha t  negligible opposition to the flow of heat occurs 

is wry important, for lie will agree that t F ie mathematical 

2 .  Since tlie width of the strip is on P y 2 nml., accuracy 

A ngst.riim,2 the distinguishe r inventor of t z e instrume!it, 

f with is so nearly similar to 9 t ie blac~keni~i of tlie Aiigstrom 

~ ~~ 

1 Astro h. Jour., POI. 40, p. 2 3 .  It is by.m means certain that the ends of the strips 

: Astroph. Jour., POI. 9, p. 338. 
alectrlcal~y were at the edges 01 the pole pmres visually. 
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at the boundary? In short, is it  not necessary to 
determine the error for the strips of the actual instru- 
ments which s e n e  to fis the Aiigstrom scale, when 
accuracy to a few tenths of 1 per cent is claimed for that 
scale 2 

4. Although IC. Angstroni, Coblentz. and Ropds Iiam 
determined the reflecting power of certain surfaces when 
blackened in certain ways, is it  sure that the blackening 
of tlie strips of tlie actual instrument 011 which the 
Angstroni scale depends is so esactly similar to the 
blackening of their surfaces that the correction for 
reflection is identically the same? Dr. I b u t  Angstrom 
gives results of his deterniinations of this correc.tion and 
then states: “IF we take the coefficient of ahsorpt.ion 
of these surfaces as constant for different ware lengtlis 
aiid equal t.0 SP.5 per cent then we make a t  most an error 
of 0.5 per cent in t.he determination of the intensity of 
radiation.” 

It appears to me that, until all of these 1oint.s are set.t,led 

same degree of Fullness with which the S mithsonian scale 

suggestion as Dr. Anmtrom has offered. 
At  tlie same t.inie, f a m  not disposed to claim perfec*t,ion 

for the Smithsoninn scale, and if equal weight cnn be 
thrown upon any other determiantmion which indicates 
a different scale, I am quite willing t.0 diridc tlic tlis- 
crepancy equally hetwem tlie two, but I must requirc 
that the weights of t,he two determinat,ions be equal 
before such equal division of tho discrepancy can he m d e .  
Dr. Angst,rom, however, nf ter coi~ecting his scale to liis 
best knowledge, gives it infinite wei@ rather tlim equd 
weight to the Smithsoniau scale i n  dividing t.he dis- 
cre ancy between tliem. & another paper, Dr. hLiigstrom gives results of coni- 
parisons between liis instrunient for measuring sk>- 
radiation and a copy of the pyanometer purchased hy 
tlie Weather Bureau from tlie Smithsonian 1nst.itut.ion. 
He states that the arerage result of tlie comparisons 
showed agreement within 2 per cent, but that some of the 
comparisons differed by as much as 6 per cent., aiid he is 
inclined to throw this larger dirergence upon a cert,ain 
source of error. in the p,ymnonieter. This source of ~ r r o r  
is the one which was pointed out at length in a pq’er 
cntit.led ‘(On the Use of the Pyrmnnieter,” by (1. C;. 
Abbot and L. B. Aldrich. 

The nature of the error is this: When esposed to clay- 
light sky, the nickel-plated cover absorbs shout 30 per 
cent of the solar rays which meet it, and thereby is 
warmed and warms the ghss hemisphere below it by air 
convection. When the nickel cover is remored the glass 
can cool rapidly by long wave-length radiation to the 
colder atmosphere and to space. As the glass is almost 

to solar rays, it is hardly warmed 
Hence the glass, after esposure, grows 

md as i t  subtends a full hemisphere, 

to the same dewee of certainty am1 pu i lished wit.li the 

has been set forth, it  is not. justifiable to make su.1 b i  a 

9 it tends strong1 to reduce the temperature of thc black- 
ened strips beow, thus causing the gradual decrease 
of the galvanometer deflection due to opening the instru- 
ment to the skylight. 

This source of error varies in its influence from place 
to lace, depending upon how strong is that which we 
calF‘ nocturnal radiation,” and this, in turn, depends upon 
the quantity of water vapor prevailing and the tempera- 
ture of the air immediately above the instrument. At 
Washington, and in general in moist climates, aiid 

8 Astroph. Jour., voL 9, p. 339. 4 Smith. Yisc. Coll., pol. 66, No. 11. 

especiallv in summer, t.he outgoing radiation is small,‘ 
so that the error tends to be small also. At a high-level 
stntion, like Mount Wilson or Mount Whitnev, the 
magnitude of the disturbing cause is considerablv larger. 

We attempted t.0 do away as much as possible with 
this source of error by introducing a reading of tlie gal- 
vanometer hp t,he method of first swing. The galva- 
nomet.er which we were accust.omed to use had a time 
of single swing of 4 seconds. In this short interval we 
heliewtl that the inner surface of the glass hemisphere 
could hardly change teniperaturc. sufficiently to produce 
any influence on the strips. The uestion now a t  issue 

errors of 5 or 6 per cent fniglit have arisen in Dr. Ang- 
s t.rom’s coniparisonsI made in August in Washin ton. 

In order t.o test t,lie matter, Mr. Aldrich and? have 
performed the following esperiment. We supported a 
large-bo t tonicd teakc ttle! par td y filled with ice water, 
at  tt short distance centrally nbove the pyrttnomet.er. 
I3ct.ween it and the pyanometer we int,roduced an 
nshest.os screen. Immecliat,ely beneath it was attached 
a nitrogen-fillpcl t,ungsten lamp. When this lamp was 
lightcd the in t.ensittj- of radiation which it fnniishecl to 
t.lw 1>>-rilnomr!t.cr \vas fouiid t,o be 0.20 calories per 
square cent.inieter per mini1t.c. When the screen and 
lamp wero smiiig aside, the lmip est,inguished, and the 
glass removed from tlie p?-rxnometer, we found that the 
outgoing radiation from t.he pyranomet,er t.o tlie cold 
liot t,om of the t.enket.t,lo w:s 0.09’7 calories per square 
ccntimetcr per nii1nt.e. 

1h-i-iiig placed the screen and lamp in position above 
the pyriiiiometer iitid lighted t,he lamp, we waited until 
t,lie gnlninometcr hac1 rea.chec1 a perfectly consta.nt zero 

tiuouishiiig t.he Innip, so tha.t the room was in dar R‘ -ness, es- 
We then siitldenly withdrew the screen and lam 

nnt7 ;is quickly ;IS possible, within 2 or 3 seconds, opened 
the shutt,or, so that the glass of the Iyranonieter was es- 
posed to the cold bottom of the te&ettle. In this W8.y 
we reproduced very approsiniately the conditions which 
we have ust cicscrihed when measurements are made upon 

the glass no short, wave-length radiation came t l ~ o u  h 
it, to diskirl) the galvanometer. But the cooling of t a e 
glass woultl go on rpite as fast under these circumstances 
as if i t  had been actually exposed to a negative skyward 
racliation stream of intensity of 0.10 calories per square 
centimeter per minute, after having been for a long time 
under the iuiluence of incoming sky radiation of the inten- 
sity of 0.20 cdories per square Fentimeter per minute. 

A s  a result, we found that i n  the first 5 seconds aft.er 
esposure of the glnvs to the cold teakettle, a deflection 
averaging in three esperimen t,s 0.9 millimeter was pro- 
duced, which on beino conipared with the deflections due 
to the introduction o? current into the pyranometer strip 
provecl to correspond to 0.0014 calories per s uare cent]- 

whose tinie of fiwt swing is 5 seconds, the error to which 
Dr. Angstrom calls attention would he of tlie magnitude 
of 0.0014 calories per square centimeter per minute, which 
would be of about the order of 1 per cent compared to the 
sky radiation which would he observed. The error could 
he very materially reduced-probably to a third or a fifth 
of these dimensions-by using a galvanometer of only 3 
seconds single swing, hecause the plotted curves of the 
observations show that the change of tem xrature due to 

is whether we were misled in this be 1 ief to the extent that 

t.he sky, jll ut. with the difference thRt after the exposure of 

meter per minute. In  other words, for a gavanometer Y 

the cooling of the glass did not set in in t h e pyranometer 
- - - - _- - 

5 Smuiler, of comse. by day than by night. 
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stri s till one or two seconds after the es losure had heeii 

was larger than 5 seconcls-10 seconds, for instance-the 
curves show that the error would increase nearly pro- 
portionally to the time of swing of tlie galvnnomrter. . I am not aware what was the timc of swing of the gal- 
vanometer which Dr. Angstrom eniployed in his conipari- 
sons, but I suppose i t  to have 1:)ee.u of the order of 3or 4 

ma B e. If, however, the time of swing of t L e galvanometer 
seconds, which is that which we customarily employ in 
ppranometer observations. If this is the case, I am of the 
opinion that i t  is quite impossible that error of the order 
of 5 or 6 per cent, such as he calls attention to, could have 
been due to this source. The tendency of the error is, of 
course, to niako our instrument read too low. Dr. Ang- 
strom does not say in what direction the discrepancy 
between the two instrument lies. 

FORECASTING THE WEATHER ON SHORT-PERIOD SOLAR VARIATIONS. 

Cy (h.uiim P. MARVIN, c'liief U. 8. Weather Biircw. 
[Washington, n. C., April I, 19W.1 

In the remnrknhlc paper cit,ctl lwliw, hlr. C'lnyt,oii 
claims he hits established i~ii l~>rt . i~lt t  rclil.tions het.wecn 
high and low values of t,he d:tF-t,o-rlny iiit.eiisit.iev of solar 
radiation, Eo', as mensured by the Snii tlisomiitn Tnst,it,ii- 
tion, chiefl 7 at Mount Wibc)n. (hlif., and C':il:tnin~, C'liilp, 
and the va i! ues of the mean t,empernturc nt. Buenos Aires. 
By means of these relnt.ions he claims nia.tcqinl improw- 
ments in forecasting the ~-e:it.hcr twe m;i.c.lc possi1)le. 
These iiive~t~igntions are an cxt.eiision nf earlier st.uclies 
by which this author eiiile:iwrr~:l t n  s1i011- that, t,he 
whole earth responds in n cnmples h i t ,  rlc4iiiit.e m:tniicr 
to the smnll changes. of i i  f i w  p e r  criit. in the rc.tlucrrl 
values of so1ti.r radi:it,ion as iiic:wur(>i I itt  ?vTrtuiit~ Rilson , 
Calif. 

The forecast.ing raluc : t .~i t l  pc-~ssil)ilities of ]mi-~n-lerlyc 
such as Mr. C'lavton clninis t o  lin\-c. tliwlosrtl is olwiously 
very great. nitd important, p w i c / , - i 7  ])is ( . i I l i i t~ .*  t i w  trw. 
The writ,er, however, cjuick1.i- becn.nw firmly con\-incd, 
purely from hnsic principliis. thnt. Mr. C'lri.;vt.on, wlio 
seems to regard t.he cln?--to-tlny changes in blie observed 
values of solar in t.cnsit,y n.rc! niostJy of si-hr origin, is 
quite in error. Indeed. great hnrm is l)c?i~ig done to the 
cause of w*eat.licr forecasting iklid the rcn.1 progress of 
science b!- the wicln i1issemin:itiou of unrefut.etl represeittn- 
t.ions of this character. 

The whole mat.ter weins t n  tlir writ.w to be n case of 
the seemingly complete d i s r q d  in tlie discussion of 
r1nt.a of t.he materid errtors of ohsen-a,tioits and of t,he 
laws and operations o f  chaiice. Such n course lias 
necessarily resulted in n gr;tve niisii~t.erpret:tt,ioii of nn 
excellent ninss of ohservii,.tivn:~l t1at.a. Urged by these 
coiivictions, t.he wri t.er ]ins rJiilc:irored t,n eraluat,e. if 
possible, t.ho unnvoidnhle ritnt:loni mid part ially known 
dominant errors of nieiLsiireriiriits of si.)lar mtliation. 
This study was npproached wit,li IL full belicf in some 
solar variability. The rcsiilt+s. liome~-rr, uneqiiiuocnlly 
show that t.he ohscrvctl chnnges in dny-t.o-dn\l values of 
radiation are very lergely clne t,ri tlie asgrtypte of d l  the 
unavoidable si)Urces of error of determination, all ~-1iolly 
terrestrial. The possible frqiieii t imd irregulnr vri.ria- 
tioiis of solar iiiteiisit~- frnm day t:n d n ~ -  or mer  nn 
intervid of a few tlays must, he Clli~iiitit,i~.t,iT.rly such ;i 
small fraction of 1 pcr cent t,hnt. it. c . m  not 1)r sntisfactorily 
evaluated from t,he esist,ing i-lata ercii iiiclutliiig those? 
now heiifg secured by t.he i i t w  p:i-ra~iometmric method of 
obscrration. Such vnriat,ions, if tiny itctually occur, must 
he so small LS to be quite iiiconsci.lueiitia1 tis a controlling 
factor of the weat,lier an(l tcrnpt'raturc+ o f  to-mimow or 
the nest few tlsys at an\- pnrt,iciilnr liw:i.lit,y. 

The only cluest,ion thc w r i k  discusses in this pnper is 
the cAmps of int.eitsity from dri!y-fo-dwy or from some 
clnily value of intensity t.0 t.lie liest, daily nilue ohserverl 
a few tlnys Inter. Tliesc iirp the -.-:iriat.iim~ in ohsorvcil 
__ - - __ -_ . ._ __ . - . - .. . -. - . -- 

I Variation in S o l s  Rndjation and the IVenthcr. by H. Helm C'krton. t'tihlishv I 
sirnultmeouslv in Hpm!sh m the Boletin hfmsua! I lficina Bleteuroloy'iba Argentina, ; w 1  
in Engllsh in arnithsonim Miswllaneoos Collections, vel. il, No. 3. 

2 Sniithsonian Miswllmeous Collections, rol. GS, NO. 3. 

d i i e s  \diich hfr. Uaytc)n lias usrtl as t,he basis of C O I T ~ -  
labion het,ween solar int.ensities rtnd temperat,ure changes 
nt Buenos Aires. 

The writer particularly desires to avoid making niiy 
statemen t. ei thcr for or n.gninst. slow long- eriod solar 
cliangw, thRt is, changes over a few wee 2: -s. morths, 
seasons or years, fo: csnniplc. Hc dishct ly  desires t,o 
lenw open the qiiest.ion of regular or irregular chsiiges of 
this clinmct.cr. The nimiiwr in which terrest.rirl.1 n-eat.lier 
respnnils to such chmgcs cui not. he int,elligentrly dis- 
cnssecl uiit,il such clianoes haw 1)rt.n coiiclusively shown 
t.o occiir n i i i~  ]wen at. List. fairly evaluateil in nmount,. 
At1 invcstignt.ic)n with this ohjtvt in view is nlso ill 
~'rogrt'ss. 

Tlie rcnl qiiest,ioii 1 1 0 ~  :it issue is sirnpl? t.he wwinbility 
of t:hily or cliiibe frequent, o l w r w d  d u e s  of  sol:^ int.en- 
sit.;v oiit.side t.lic3 earth's ntniosphere, and how much, if 
any, of this rtrrint,ivn is c.uused by true solar changes 
and how much caused hy errors of measurement and 
vnying cleplet,ions of large masses of the nt,mosphere 
which transmit all incoming rndintion before nieasure- 
1iii .w t of ibs in t,ensit,g. 

Seemingly, one of t,he most direct, if not the best- 
inethocls of solvicg such a problem consist,s of a critical 
evnluat.ion, by nieaiis of well-known statisbical niet,hods, 
of t,he ~t~il.r.lali.to?~, of t,he observat,ional dat a of which an 
escellent bod\- of over 1,500 frequent values of int,ensity 
is now nvailable. 

Wit,liin t,he past few weeks the writ.er has made a 
soniewliat, hasty preliniinm=y .review of these dat,a, and it 
seems proper t.o briefl-y incnt.ion in t-his preliminary notme 
cert.ain im >ort.ant, facts which seem to stand out 
unequivoca h y. 

( 1 )  The frequency distribution of tlie data is nearly 
Gaussian, that is, it  nearly conforms to the normal error 
curve of statistics. Therefore, the data may be discussed 
by the methods of least squares. 

(2)  T h e  dist.ribution is not entirely elemental, but in 
this feature it reflects and justifies the coniposit,e make-up 
which the tslieory of t8he variat,ions as expressed in equa- 
t,ioii (1 below calls for. 

(3) There is oily slight skewness in the distxihutions, 
which varies a little in aniouiit and kind (positive or 
negative) n.ccordin,o to the particular group of data 
analyzed. The evidence from skewness justifies the 
assert.ion that for observat,ions at  Mt,. Wilson, Calif. by 
the bolographic method and on the average, cf ianps in 
t,ran.miissioii of the atmosphere *during observations teiid 
to gira a preponderance of sl~glit~ly too low values of 
int,ensity nnd corres >ondingly too high vdues of the 

(4 ) Ilirmqlcs of transmission during observabions dso 
cause greater scattering and clispemon of values t,lian 
would otherwise occur, thus im osiiig upon tshe data 
many false variations clue entire P y to atmospheric, not 
solar, causes. 

coefficient of atmosp \ ieric t.ransmission. 


